THE treatment of large vesical diverticula is one of the most difficult problems with which the urinary surgeon has to grapple. Complete excision of the sac is, at present, the accepted method of dealing with it, but as so many widely divergent views have been expressed on this subject, it may be of interest to give a brief description of fourteen cases upon which I have operated, and the conclusions I have drawn as to the relative values of the different methods employed. Case I.-Male, aged 51, admitted to St. Peter's Hospital January 11, 1910. History: He always had difficulty in micturition, and took much longer to complete the act than other people. Was catheterized in 1901. His bladder was then infected. Since then he has suffered from frequent attacks of pain in the left groin, accompanied by headache, backache, night sweats, marked frequency of micturition, and occasionally by hsematuria. Frequency of micturition from one to two hours both by day and by night. The urinary stream was slow and weak, but he never had retention of urine. Pain during micturition felt along the urethra.
an inch above and to the left of the left ureter. With one finger in the opening, the wall of the diverticulum was divided close to the bladder. This incision was carried round the orifice, and the diverticulum was separated from the bladder. This brought the left ureter into view. It was about as thick as the finger, and curved forwards, immediately below the diverticular orifice to its entrance into the bladder. In this portion of its course it was compressed between the diverticulum and the bladder. The diverticulum was now rapidly freed from the remaining adhesions to the rectum and prostate, and removed. The bleeding points were picked up and ligatured, the wound partially closed, and the bladder and pelvis drained.
The convalescence was slow, and a suprapubic fistula, which tracked down to the diverticular opening, persisted for almost three months. It then closed, but after a short time broke down again. On June 8, he was again admitted to hospital, and the sinus excised, at the same time the prostate was enucleated, though it did not appear to be enlarged, as it was thought to have been the cause of the persistent sinus. After this operation the fistula remained closed. In 1913 he was again admitted to hospital, and a suprapubic hernia was cured by the filigree method.
This patient eventually died in December, 1920, almost eleven years after his operation, of chronic pyelonephritis, which persisted in spite of treatment. During this interval he had practically no frequency or difficulty in micturition, but there was always about three ounces of residual urine.
The diverticulum, after it was hardened, was about the size of a large orange.
Its walls were in. thick, and were composed of three distinct layers of muscular tissue, lined with transitional epithelium, which was much altered by inflammation.
Case II.-Male, aged 53, admitted to St. Peter's Hospital March 19, 1912 . History: Gonorrhcea thirty years before. Developed a stricture, which was easily dilated. Passed a bougie on himself twice a year, but the second time he did so he infected his bladder. Since then had several attacks of cystitis, and his urine always remained turbid.
On admission : Slight frequency of micturition. Stream good; some straining towards the end. Occasionally micturition a deuxr temps. Stricture admitted 17 F easily, and was fully dilated in two sittings. Prostate normal, but a soft elastic swelling could be felt above it. Residual urine varied from 12 to 16 oz.
Urine: Specific gravity 1018, acid, no albumin nor sugar, urea 1'9 per cent., deposit pus and bladder epithelium.
Cystoscopy: Slight general cystitis. Both ureters normal, clear efflux from both sides. Above the interureteric bar and immediately to the left of the middle line was the opening of a large diverticulum. It was oval in shape, with the long axis directed vertically. The cystoscope was introdu'ced into the diverticulum. Its walls were a deep red colour, smooth, and no vessels were visible.
Operation, March 22, 1912: Trendelenburg position. Bladder washed out, emptied as much as possible, and distended with air. Median incision from pubis to umbilicus. peritoneum opened. The diverticulum appeared like an immense bleb on the posterior wall of the bladder, to which it was adherent over a circular area about 3 in. in diameter. The bladder was then opened, and it was found that the diverticulum was completely filled with a mixture of urine and lotion. This was mopped up. As it was impossible to find any line of cleavage between the bladder and diverticulum, the former was split from front to back. The posterior part of this incision surrounded the orifice of the diverticulum, which was excised. The whole of the epithelial lining of the diverticulum was then removed, also the greater part of its outer wall, only two peritoneum-covered flaps large enough to cover the raw surface being left. These were stitched in place, and the bladder wound sutured except for 'a small space left for a drainage tube. The peritoneal cavity was then closed, and the abdominal walls sutured.
The ureters first passed downwards between the bladder and the diverticulum, then backwards beneath it, and finally upwards along its posterior surface. They formed ridges visible on the inner surface of the sac, and divided its lower portion into three pouches, a median and two lateral. The deepest portion of the diverticulum reached Section of Urology 57 the level of the middle of the prostate. Its walls were very thin, and were composed of a single sheet of muscular tissue lined by epithelium.
The patient bore the 'peration well, and left hospital in four weeks, with his wound firmly healed. He returned in three months with a urinary fistula in the scar. He was admitted and the fistula was excised. Since then he has had no further trouble.
He was last seen about two years ago. There was no frequency of mieturition.
The urethra admitted a No. 26 F instrument easily.
Cystoseopy: Slight general cystitis. A puckered scar occupied the site of the old diverticular opening; from this a linear ridge ran forwards to the apex of the bladder. Residual, 2 oz. The urine was slightly cloudy, and contained pus and colon bacilli.
Both these cases have already been reported [1] : Operation, October 4, 1912: Bladder washed out, and distended with air. Suprapubic incision, bladder exposed. Patient then put in Trendelenburg position, and peritoneum opened. Diverticulum at the apex of the bladder, running up into the urachus. Peritoneum stripped off the upper surface of the bladder, and off the diverticulum. Peritoneal cavity then closed. Bladder opened in the middle line, incision prolonged upwards so as to surround diverticular opening. Urachus clamped and divided half way between the pubis and umbilicus, and diverticulum removed. At this point the urachus was found to be patent, and filled with fteculent looking material. It was followed up to the unmbilicus, and entirely removed. Bladder sutured round a large tube, and the abdominal wound closed. The diverticulum on the posterior wall only admitted the tip of the index finger, and was not removed.
Patient died, on the twentieth day after operation, of chronic pyelonephritis. Case With the help of a finger in the peritoneal cavity, the peritoneum was stripped off the bladder. Opening in peritoneum sutured, and the bladder opened. A loose stone was removed. Diverticulum found to be packed with calculi, which were removed. It was about the size of a hen's egg, and extended downwards to the base of the bladder. The ureter curved downwards and forwards, first behind and then below the orifice of communication. The diverticulum was very adherent, but was freed and removed from outside the bladder. Gap in bladder wall closed with two layers of continuous sutures. Prevesical space and bladder drained, rest of wound sutured. The orifice of the diverticulum just admitted the index finger. It was about half an inch above and to the outer side of the right ureter.
Convalescence uneventful Cystogram: Thorium solution. Oblique position showed a double cavity, with the diverticulum low down in the right side of the pelvis. It was about the same size as the bladder. Antero-posterior position, showed cavity overlapping bladder, and extending far to the right.
Urine: Specific gravity 1010, acid, albumin and sugar present, urea 0 3 per cent.; 183 gr. passed in the twenty-four hours.
Operation, September 5, 1919: Stovaine. Trendelenburg position. Median incision from pubis to umbilicus, bladder widely opened. With the hand in the bladder, the finger could just reach to the bottom of the sac. An attempt was made to invaginate the diverticulum into the bladder, by blunt dissection from without, aided by traction by means of a volsellum passed through the orifice. Dense adhesions binding the sac to the seminal vesicles, prostate, and rectum made it impossible to complete this invagination; however the upper wall of the diverticulum was completely invaginated. A semicircular incision was then made, severing the upper portion of the neck of the sac, and the diverticulum was inverted through this opening. This made it possible to reach its outer wall, and the surrounding tissues were then easily separated off by means of gauze dissection. The whole of the diverticulum was by this means turned inside out, and invaginated into the bladder. It was so large that more than half of it came through the abdominal wound. As the vesical orifice of the right had never been identified, the ureter itself was exposed in the pelvis and opened. A catheter was passed down it, and appeared between two folds of mucous membrane, just within the diverticulum, opposite the lowest point of the opening. The sac was then cut away, except for a small semicircular flap surrounding the ureteric orifice. This flap was stitched over the defect in the bladder. The ureter was sutured, and the bladder wound closed round a large tube. The lateral vesical space was drained, and the abdominal wound closed round the tubes.
The patient bore the operation well, but convalescence was slow. The suprapubic sinus closed after a catheter had been tied in for a fortnight. Patient sent to a convalescent home October 25, 1919. Wound healed, but patient entirely dependent on his catheter.
Readmitted April 10, 1920. On catheter life since operation. Prostate, lateral lobes slightly enlarged, smooth, and movable. Cystoscopy. Shallow depression at site of diverticular orifice. Small intravesical projection of middle lobe of prostate. Severe chronic cystitis.
Urine: Specific gravity 1020, acid, small quantity of albumin, moderate quantity of sugar, cloudy yellow colour, deposit of mucus. Phenol-sulphone-phthalein (intravenous injection) appeared in three minutes; 44 History: Frequency of micturition for two years, gradually getting worse. Difficulty in micturition for one year. Ten weeks before admission complete retention. Metal catheter passed under general anesthesia, but as it could not be passed a second time a perineal section and suprapubic cystotomy was performed. A diverticulum was then discovered. Bladder drained for ten weeks " in the hope that the diverticulum would contract." Venereal disease denied.
On admission: Suprapubic and perineal fistule. Most of the urine came through the former opening. Per rectwum: prostate not enlarged. In the region of the left seminal vesical a soft, elastic, sausage-shaped tumour was felt. It appeared to be adherenb to the pelvis. Urine 1, 1922 . History: Eighteen months before, pain in the hypogastrium, which had no relation to micturition. Six months later frequency and difficulty in micturition. Frequency then seven or eight times by day, twice or three times by night. Stream poor, only a small dribble, urgency. April, 1921: Acute retention, lasted two days; similar attack next month. July, 1921: Suprapubic cystotomy for stone, but none found. Since then had passed a catheter once or twice a day on himself.
On History: Ten years ago hbmaturia after straining at stool. Since then pain "in the bladder " whenever he has a cold, and occasionally a trace of blood in the urine. Five years later frequency and difficulty in mieturition. Soon afterwards catheter life, passing the instrument twice or three times a day. Cystoscoped in 1912, and told "he had a sac." Admitted to St. Peter's Hospital October 20, 1919. Prostate removed. Discharged December 27, 1919. Had intense cystitis at the time, and diverticulum apparently not noticed on cvstoscopy. Suprapubic wound took twentytwo months to heal. Patient washed his bladder out every day with nitrate of silver by Janet's method. Had slight hematuria shortly after leaving hospital, and passed several small stones.
On admission: Frequency of micturition six times by day and twice at night. Micturition normal, stream and projection both good. Abdomen: Suprapubic scar, weak in its lower portion. When bladder was distended, it could be feit in right iliac fossa. Right kidney not palpable, left completely palpable, movable, enlarged, painless.
Cystoscopy: Residual urine 30 oz. Bladder capacity 50 oz. Generalized cystitis with irregular bulging and sacculation. Right ureteric orifice active, fairly healthy; left large, patent, never closes. Opening of diverticulum fairly high up on the left side, difficult to see because left wall of bladder was pushed almost to middle line by the diverticulum. It appeared to be about the size of a sixpenny piece.
Cystogram: Sodium iodide, 5 per cent. solution; 48 oz. injected. Enormous bladder pushed over into the right iliac fossa. Diverticulum filled left side of true pelvis. Small slit-like space between bladder and diverticulum. Narrow orifice of communication. When bladder had been emptied as much as possible by means of a catheter, diverticulum remained nearly full, and there was still some fluid in the bladder itself.
Urine: Hazy, specific gravity 1012, alkaline, no albumin nor sugar; daily urea, 1 per cent. in 75 oz., or 322 gr. Urea concentration test, 1F5 per cent. in 3W5 oz., or 22 gr. Operation, January 10, 1923: Old scar excised, and bladder opened. Trendelenburg position. Orifice of diverticulum about i in. in diameter, situated about 1 in. above and to outer side of left ureter. Catheter passed up left ureter. Diverticulum freed by finger and gauze dissection, and removed from outside the bladder. Gap in wali sutured by two layers of continuous catgut sutures. Internal urethral orifice about the size of a lead pencil, but was incised as there was a " shelf " above prostatic cavity. Marion's tube in bladder, lateral 
THE RELATIVE VALUES OF THE DIFFERENT OPERATIVE METHODS.
It is universally admitted that the only satisfactory treatment of this condition is excision of the sac, but there is a considerable divergence of opinion as to the best method of performing the operation. However, before discussing this question, I wish to point out the dangers of a preliminary cystotomy in these cases. A cystotomy does not drain the diverticulum. When the bladder contracts round the cystotomy tube, the diverticular orifice closes, and the cavity is completely shut off from the bladder. Under these conditions no amount of vesical irrigations will disinfect the diverticulum, and its contents invariably suppurate. The deplorable condition that patients Cases IX and X were in when I first saw them was undoubtedly due to this cause. In both cases.I tried to control the suppuration within the diverticulum by passing a tube into the sac through its vesical orifice. But in neither case was it possible to wash out the sac into the bladder, or the bladder into the sac. Both cavities could be washed out independently of the other, but this was not satisfactory, and in both cases I was forced to operate while the sac was still in a filthy condition. The walls of these sacs have practically no power of contraction, and remain in an inert flaccid condition, which predisposes them to stagnation and infection. When I am called upon in future to deal with such grossly infected diverticula, I shall, as a preliminary to excision, open the bladder, and pass two small tubes into the sac, as well as leaving a larger one in the bladder itself. Continuous irrigation can then be carried out, the fluid entering the diverticulum by one small tube, and leaving it by the other. It is, in many cases, possible to drain the diverticulum independently of the bladder, but I do not see any advantage in this procedure.
If the diverticulum lies below, and behind the bladder, it can only be satisfactorily reached from the perineum, and this perineal drainage may render subsequent removal of the sac exceedingly difficult, if not impossible. I consider that a preliminary cystotomy should not be done, except when the kidneys are damaged so severely that it is obvious that the patient would not stand a primary excision. Even in these cases the bladder should only be drained for as short a time as possible, and means must be taken to drain and irrigate the diverticulum independently of the bladder.
Turning to the operation of excision, I feel that no set operation is suitable for all cases, but I think there are certain broad indications which would lead the surgeon to choose beforehand the operation best suited to the particular case. I also feel that it is not always possible to institute a definite plan of campaign until the bladder has been exposed, as so much depends on the amount of pericystitis present, and on the number and density of the adhesions binding the diverticulum to neighbouring structures. One can learn the size and position of the orifice, the amount of trabeculation of the bladder wall, and the severity of the infection, by means of cystoscopy; and the size, position, and to a certain extent the relationship of the diverticulum, by means of cystograms; but one has no means of telling beforehand whether the sac is bound down by adhesions, or lying free in the fatty tissue of the pelvis.
With regard to the operation itself. Diverticula may be excised (1) from the outer surface of the bladder, (2) by splitting the bladder wall down to the orifice of the diverticulum, and (3) from within the bladder.
(1) Excision from without the Bladder.-This operation is best suited for diverticula situated high up on the lateral walls of the bladder, and for those occurring at the urachus. The operation may be either trans-or extraperitoneal. A transperitoneal operation is indicated if the orifice of the diverticulum lies above the line of reflection of the peritoneum from the bladder wall, but these cases are not common, as the orifice is usuallv situated well below this level. In some cases it is a help to open the peritoneum when stripping it from the upper wall of the diverticulum, but if this is done the bladder should not be opened until the abdominal cavity has been again closed. I have performed this operation on five of my cases (Nos. I, III, V, XIII, XIV), in two of them (Nos. III and V) I opened the peritoneum to facilitate stripping it back from the wall of the sac. The operation is facilitated if the bladder is opened, and one finger placed in the diverticulum, while the upper and outer walls of the sac are cleared by gauze dissection. When dealing with the lower portion of the diverticulum, the finger in the sac is of no further assistance. The wall of the diverticulum is then grasped low down by means of a volsellum, and aided by traction on it the dissection is completed. I have not found it any advantage to plug the sac with gauze, and if the diverticulum lies low down in the pelvis, it is a positive disadvantage. The plug fills up almost the whole of the narrow space one has to work in, and renders the dissection much more difficult. I have tried this method on several occasions, and always had to remove the gauze again in a few minutes. This operation is rendered difficult if the bladder walls are thick and indurated, if the diverticulum is also thick walled, and if there is much pericystitis.
(2) Splitting the Bladder Wall down to the Orifice of the Diverticulum. This operation was first described by me in a paper read before the Urological Section of the Seventeenth International Congress of Medicine, which met in August, 1913 [2], and quite independently by MIarion in November of the same year [3] . However in my case the operation was transperitoneal, while in Marion's it was extraperitoneal. The idea underlying both these operations was the same, and was an attempt to obtain better exposure of the deeper parts of the diverticulum. I performed this operation in Case II (transperitoneally), and in Cases VI, X, and XI (extraperitoneally). Case VI was one of bilateral diverticula, and both sides of the bladder were split down to the necks of the diverticula. The incision is really a racquet, with a long handle and a small blade, as the orifice of the diverticulum is encircled and a small portion of the bladder wall removed with the sac. The operation is indicated (1) in cases in which the diverticulum is situated low down on the posterior wall of the bladder, (2) when the walls of the bladder or diverticulum are thick and inelastic, and (3) when there is marked pericystitis. Case II came under the first category, and I do not think I could have removed this diverticulum by any other means. In Cases VI, X, and XI, troublesome adhesions were present, due in the first case to a previous prostatectomy, in the second to a prolonged suprapubic and perineal drainage, and in the third to marked pericystitis. In Cases VI and XI the bladder walls were very thick. A rough estimate of the thickness of the bladder wall can sometimes be obtained by means of a simple cystogram. In every case of vesical diverticulum I have seen, the walls of the bladder and of the diverticulum are in contact with each other round the diverticular opening. This means that the length of the neck of the diverticulum is equal to the combined thickness of these two walls, so that if the diverticular shadow lies at a considerable distance from that thrown by the bladder, and the two are only connected by a long isthmus, it is fairly safe to assume that the bladder walls are thick. I may also add that the walls of the bladder are always thicker than those of the diverticulum.
(3) Intravesical Operations.-(a) Encircling the orifice by an incision through the whole thickness of the bladder wall, and removing the diverticulum by blunt dissection. I have only performed this operation once (Case VII), and have completely given it up, as I consider it dangerous. It is only suited for small diverticula, and it is dangerous, because there is great risk of wounding the ureter, which always lies in close relationship with the neck of the diverticulum.
(b) Invagination of the Sac.-This operation should be performed partly from inside the bladder, and partly from outside it. It is a dangerous procedure to insert a volsellum through the diverticular opening, seize the fundus of the sac, and attempt to invaginate it. One operator drew a loop of small intestine into the bladder by this method, but fortunately discovered his mistake before dividing the neck of the sac. If it is decided to remove a diverticulum by this method, the upper wall of the sac should first be cleared as far as possible from the outer side of the bladder, and also from the surrounding structures. This portion of the diverticulum should then be invaginated through the orifice, and seized from within. The dissection can then be completed from without, while traction is made by means of a volsellum gripping the portion already invaginated. This operation is only suitable for thinwalled diverticula, that are comparatively free from adhesions. Young employs suction to invaginate the diverticulum [41. This method requires an electric pump, as the suction obtained by means of a Sprengel's pump is quite insufficient for the purpose. I have performed the operation of invagination in three cases (IV, IX, and XII); I attempted it in Case XIII, but was unable to complete the invagination, so I turned the sac back, and removed it from outside the bladder.
(c) Combined Invagination and Inversion of the Sac.-This operation has been fully explained when describing Case VIII (p. 59), so I need not recapitulate it.
invaginate the sac in this case, and I think I would have been unable to remove the diverticulum if I had not thought of inverting it. It can be employed in diverticula springing from any part of the bladder, but is particularly useful for dealing with large sacs situated deep down in the pelvis.
It is eminently safe, as the outer surface of the diverticulum is well seen while the adhesions are being separated from it. Of course, it cannot be employed in cases in which the wall of the sac is too stiff to allow of invagination, but this is the only definite contra-indication.
Cases of vesical diverticula have frequently been diagnosed as enlargement of the prostate, and the gland has been removed before the presence of the diverticulum was suspected. This happened in Cases VI and XIII of my series. I feel that in both these cases the patient's condition was rendered worse by this procedure. I have already alluded to the bad results obtained in cases where the bladder has been simply drained, and everything I have said regarding cystotomy applies with equal force to prostatectomy. I feel that the ideal procedure is to remove both the diverticulum and the prostate at the same sitting. This was done in Cases IV, XI, and XIV, with excellent results. If, however, it puts too great a strain on the patient's powers of recuperation, the diverticulum should be removed at the first sitting, and the prostate enucleated as soon afterwards as is feasible. -This course was followed in Case VIII. Lastly, if the patient's condition is so poor that he will not stand any major operation, the bladder should be opened, and independent drainage provided for the diverticulum in the manner already described. Even under these circumstances, the preliminary drainage should be of as short a duration as possible.
VESICAL DIVERTICULA COMPLICATED BY STONE.
(1) Calculus lying free in the Bladder.-The mere removal of such a stone is never a complete operation. There may be others in the diverticulum. Even if there are none, the diverticulum remains, and will probably give rise to symptoms. I do not think that a litholapaxy should ever be performed in cases where there is a definite diverticulum. A case on which I operated some years ago illustrates this point. The patient had a stone about the size of a filbert lying free in his bladder, and on cystoscopy a small shallow diverticulum was seen just to the outer side of the right ureter. I thought it was too small to give rise to any symptoms, and so decided to crush the stone. It was caught with the lithotrite, but when I commenced to crush it, it slipped out of the jaws of the instrument, and I could not find it again. I then cystoscoped the patient, and found the stone in the diverticulum. The bladder was opened, and the stone removed from the sac, which was just large enough to hold it comfortably. The orifice of the diverticulum was then enlarged downwards, and the wound closed. What happened to the whole calculus in this case may easily happen to fragments in others, and I feel sure this is one of the causes of recurrence in these cases. Case V also bears out this point. The patient underwent a suprapubic lithotomy, and two litholapaxies in the space of about a year, yet when I operated there was a stone lying free in his bladder, and the diverticulum was packed full of them. I feel strongly that the correct procedure in all these cases is to open the bladder, remove the calculus, and excise the diverticulum.
(2) Stone in the Diverticulum.-In this case the indications for removing the diverticulum are even stronger. Mere removal of the calculus may make the patient's condition worse, just as a simple cystotomy does. A very interesting case illustrating this point has been described by Kummer and Brutsch [5] . Their patient suffered from the usual symptoms of stone for over twenty years. He never had retention, and there was only a small quantity of residual urine. A stone was felt in his bladder, and the diagnosis confirmed by radiography, which showed a shadow filling up the greater part of the true pelvis. The bladder was opened, and two calculi were found lying free in it, while a third was seen projecting from the orifice of a very large diverticulum, which it filled completely. They were all removed, but the diverticulum was left in situ. After the operation, the patient was absolutely unable to pass urine naturally, and had to rely on self-catheterization. The authors came to the conclusion that his retention was not due to atony of the bladder, but to the presence of the diverticulum. They advised an operation for its removal, but the patient refused it.
If possible, the diverticulum and the stone in it should be removed at the same sitting, but if the patient's condition will not stand this operation, one must remove the stone first. In this case the diverticulum must be drained independently, and the operation for its removal performed as soon as possible after the lithotomy. RELATIONSHIP OF THE URETER. It is important for the operator to bear in mind the close relationship between the ureter and the neck of the diverticulum. In the first place, the orifices of the "lateral group" of diverticula are always found in a limited oval area of the bladder wall, which lies above and to the outer side of the corresponding ureteric orifice. Occasionally the ureter opens into the diverticulum itself, in which case its orifice lies just within the lower and internal quadrant of the mouth of the sac. Outside the bladder the relationship is even more intimate. If the ureter is traced upwards from the point where it enters the bladder wall, it will be found to lie at first immediately below the lowest point of the neck of the sac. It then passes backwards and upwards behind it. This means that it follows the curve of the lower and posterior quadrant of the opening. If the ureter is traced still further upwards, it will be found to lie either in the cleft between the bladder and diverficulum, or to occupy a deep groove in the posterior wall of the latter. If the diverticulum stands well away from the bladder, the ureter lies between the two, but if it is in close contact with the bladder wall, and especially if it lies partly behind the bladder, the ureter occupies a deep sulcus in its posterior wall. In either case the ureter is compressed, or displaced by the drag of the sac; and dilatation of its upper part, and of the corresponding renal pelvis, has frequently been observed. In eight of my cases the ureter was exposed during operation, and on each occasion it was found either to be dilated or thickened. If the ureter opens into the diverticulum itself, it usually tunnels through the lower and posterior quadrant of the neck. This is simply an exaggeration of the usual relationship. The proximity of the ureter to the diverticular orifice must be borne in mind whenever the condition is treated by splitting down the partition between the sac and the bladder. Such an incision should not be made directly towards the internal meatus, but should be curved forwards a sufficient distance in order to avoid any chance of injury to the ureter. Perhaps one of the most remarkable phenomena connected with vesical diverticula is the large amount of urinary obstruction they cause. In fact obstruction and infection are the most usual indications for operation. The amount of residual urine is usually measured by passing a catheter immediately after the patient has emptied his bladder as completely as possible by micturition, but in some cases, especially if the diverticulum is large, it is impossible to drain off all the urine by this means. The amount left behind is often considerable, and may for convenience be called the "concealed residual." I first suspected the presence of this concealed residual in Case II. At the operation, the bladder was washed out, and emptied as completely as possible, and then filled with air. Yet when it was opened the diverticulum was full of lotion. The presence of this concealed residual was also demonstrated by means of the cystograms taken in Cases XII and XIII. In both these cases, the first cystogram was taken when the bladder was filled to repletion. It was then emptied as completely as possible by means of a catheter, and the second exposure made. In both cases the diverticulum remained full, and in addition there was a distinct shadow due to the presence of a certain amount of opaque fluid in the bladder itself. Although it is easy to demonstrate the presence of this concealed residual I do not know of any means of accurately estimating its amount. This concealed residual is of great practical importance, as it renders fallacious all attempts to estimate the functional activity of the kidneys, by means of tests applied to the bladder urine. This applies both to the elimination of dyes and to the urea concentration test, and if these methods are used the urine should be obtained directly from the kidneys by means of ureteric catheterization. For example, in Case XII, the urea concentration test carried out on bladder urine gave only 1*4 per cent., while the same test carried out on urine obtained by catheterization of both ureters gave 3 per cent. of urea from each kidney. The latter was the true estimation of the renal function; in the first case the urine was diluted with lotion which could not be evacuated from the bladder by means of the catheter. If it is impossible to catheterize the ureters, one must depend on an estimation of the blood urea.
DIAGNOSIS.
In the majority of cases the diagnosis of the presence of a diverticulum is made by means of the cystoscope. The appearance of the orifice of a large sac is so characteristic that it is impossible not to recognize it at a glance.
Occasionally, however, cystoscopy is rendered difficult on account of intense cystitis, or the orifice may be hidden by bullous cdema or a growth, or if the bladder has not been fully distended it may lie between two folds of mucous membrane. In these cases a cystogram should be made. The diagnosis of the size and relationship of the diverticulum can be made by means of cystograms, but to obtain the best results the technique must be carefully thought out. I now use a solution of sodium iodide which has been boiled and allowed to cool to the body temperature. The strength of the solution depends on the capacity of the bladder, which should be estimated beforehand. If it is less than 10 oz. I use a 15 per cent. solution, if it lies between 10 and 20 oz. a 10 per cent. solution is best, while if the capacity is more than 20 oz. a 5 per cent. solution is quite sufficient. If too strong a solution is used, the shadow is so dense that it is difficult to distinguish between the shadow thrown by the diverticulum at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Urology 69 and that thrown by the bladder. In Case XII a 30 per cent. solution was used, but the shadow was much too dense, and there was practically no differentiation between the bladder and diverticulum. As a general rule, the weakest opaque solution that will give a satisfactory shadow is the best one to use. When the patient is on the X-ray couch, a catheter should be passed, and the contents of the bladder evacuated as completely as possible. The opaque solution should then be run in, either by means of a syringe or by gravity, until the patient experiences a desire to micturate. A spigot is then placed in the catheter, and a radiogram taken in the antero-posterior position. The patient is then rolled over on his side, until the shadow of the diverticulum is distinct from that of the bladder. The best position is easily determined by means of the fluorescent screen. If the diverticular opening is in the posterior part of the bladder, as it nearly always is, the patient should be rolled to the opposite side. A second exposure should be made in this position. Lastly, without altering the patient's position, the spigot should be removed from the catheter, and the bladder emptied as completely as possible. A third exposure should then be made. This is to ascertain if there is any "concealed residual urine." CONCLUSIONS.
(1) Excision of the sac is the only rational treatment of vesical diverticula.
(2) No single set operation is suitable for all cases.
(3) If the case is complicated by prostatic or urethral obstruction, both conditions should be treated at the same sitting. When this course is not feasible, it is better to remove the diverticulum first, and treat the obstruction at a later sitting.
(4) A preliminary cystotomy does more harm than good in most cases.
(5) The presence of a calculus either in the bladder or in the sac is an indication for excision of the diverticulum.
(6) As a rule the ureter lies in close relationship with the neck of the sac, and must be guarded from injury during operation.
(7) The contents of a diverticulum cannot always be evacuated by catheterization. The urine left behind after catheterization, often a considerable amount, I have termed the "concealed residual." (8) The presence of concealed residual urine vitiates all tests of the renal efficiency which are carried out on bladder urine. To obtain an accurate estimate of the renal function it is necessary either to catheterize the ureters, or to trust to an estimation of the blood urea.
(9) The presence of a diverticulum is best diagnosed by means of the cystoscope, and its size and position ascertained by means of cystograms.
